Synthesis of CuO-NPS by simple wet chemical method using various dicarboxylic acid salts as precursors: Spectral characterization and in-vitro biological evaluation by Rehman, H. et al.
Bull. Chem. Soc. Ethiop. 2020, 34(2), 323-334.                                                             ISSN 1011-3924 




*Corresponding author. E-mail: mhfarooq@uet.edu.pk 
This work is licensed under the Creative Commons Attribution 4.0 International License 
SYNTHESIS OF CuO-NPS BY SIMPLE WET CHEMICAL METHOD USING 
VARIOUS DICARBOXYLIC ACID SALTS AS PRECURSORS: SPECTRAL 
CHARACTERIZATION AND IN-VITRO BIOLOGICAL EVALUATION 
 
Hajira Rehman1, Zulfiqar Ali2, Abdul Qadir3, M. Hassan Farooq2*, Ahmed Shuaib2, Asmat 
Zahra4, Tanzeela Shahzady3 and Habib Hussain5 
 
1Department of Chemistry, University of Sahiwal, Sahiwal, Pakistan 
2Department of Basic Sciences & Humanities University of Engineering & technology Lahore   
KSK Campus, Pakistan 
3Department of Chemistry Lahore Garrison University, Lahore, Pakistan 
4Institute of Chemistry, University of The Punjab, Lahore, Pakistan 
5Department of Basic Sciences & Humanities University of Engineering & Technology Lahore   
Narowal Campus, Pakistan 
 
(Received September 9, 2019; Revised September 28, 2020; Accepted October 1, 2020) 
 
ABSTRACT. In this study, a simple chemical reduction method was employed to synthesize CuO-NPs.  
Various dicarboxylic acids were converted into Cu(II) salt of dicarboxylic acid which were used as precursors. 
NPs were produced by reducing precursors with NaBH4. Characteristics of synthesized NPs were investigated by 
using important analytical techniques including Fourier transform infrared (FTIR) spectroscopy, X-ray diffraction 
(XRD), thermo gravimetric analysis (TGA) and scanning electron microscopy (SEM). Developed NPs were 
investigated for their antibacterial activity against a range of bacterial strains by employing agar well diffusion 
method. CuO-NPs exhibited good to moderate activity against E-Coli, B. Subtilis and poor activity against K. 
pneumonia and Methicillin-resistant Staphylococcus aureus (MRSA). It was found that amongst all experienced 
compounds sample 2 showed good activity with minimum inhibition concentration (MIC) 10 µg/mL (zone of 
inhibition: 22± 0.12 mm) while sample 3 showed poor activity with MIC 40 µg/mL (zone of inhibition: 8.0 ± 0.18 
mm). 
  




Now a day’s modern research is revolving around nanotechnology because nanoparticles have 
unique catalytic [1] and bio-medical applications [2, 3]. CuO-NPs are of great interest than other 
metal NPs due to its low cost and easy availability. Copper oxide nanomaterials have been 
developed substantially in recent years due to its low cost fabrication and good electrochemical 
properties. Copper oxides NPs are used for gas sensors [4], photovoltaic solar cell [5, 6], photo 
electrochemical cell [7, 8] and electro-chromic coatings [9]. 
Metal oxide NPs mainly dragged the attention of researchers due to their medicinal 
applications. Metal oxides exhibited excellent antimicrobial and antifungal activities against 
various organisms [10-12]. Metallic NPs have immense surface area and this surface area and 
particle size play a key role in medicinal, catalytic activities and photocatalytic degradation [13], 
that is why comparison of metallic NPs surface area with conventional materials have been 
intensely investigated [14]. 
Now a day there is a common use of antibacterial agents in various fields including, food 
packaging, textile industry, water disinfection and medicine [15]. Over dosing of antibiotics has 
resulted in increased bacterial strains having antibiotic resistant genes. In order to resolve this 
problem, a great deal of research has been done. NPs exhibit a range of potentially useful 
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applications for pharmaceutical purposes. In last few decades, nanotechnology has great interest 
in evaluating activity of nano-scale metals as antimicrobial agents.  
Antimicrobial study of different metallic NPs such as alumina [16], silver [17], iron [18, 19], 
gold [20, 21], magnesium [22, 23], titanium [24], and zinc oxide [25] were investigated on large 
scale. Although tremendous efforts have been done to utilize NPs as an antibacterial agent, still 
we are not able to develop ideal metallic NPs with proficient activity. In this research an effort is 
made to find out a quick and easy method to synthesize CuO-NPs. Dicarboxylic acid salts are 
used as precursors to synthesize the target materials and their antimicrobial activities were 




Synthesis of CuO-NPs by using copper(II) succinate precursor  
 
By following procedure adopted by Arunachalam et al. [26], 2.5 g of CuSO4.5H2O was taken 
and dissolved in distilled water (20 mL) in a beaker equipped with magnetic stirrer to form a 
homogeneous mixture. In order to prepare sodium succinate, 0.80 g of sodium hydroxide and 
1.18 g succinic acid were mixed in a beaker having 10 mL distilled water. Prepared sodium 
succinate was introduced in copper sulfate solution drop wise under continues magnetic stirring. 
Resulting solution was magnetically stirred for 50 min and a green precipitate of copper(II) 
succinate was collected which was further centrifuged, washed several times with ethanol and 
then product was dried. 
In order to make final product, solution of NaBH4 was prepared by adding 1.3 g of it in 10 
mL distilled water. 1.80 g copper succinate dissolved in 10 mL distilled water and NaBH4 
solution was added drop wise to this solution with stirring. Reaction mixture was kept in the 
ultrasonic bath for 60 min. Formation of copper oxide nanoparticles was confirmed by turning 
green colored solution instantly into black upon addition of NaBH4 solution [26]. Copper oxide 
nanoparticles thus formed, filtered and dried. 
 
Synthesis of CuO-NPs by using copper(II) adipiate precursor 
 
Solution of CuSO4.5H2O was prepared by dissolving 2.5 g of it in distilled water in a beaker 
equipped with magnetic stirrer. In another beaker, 0.80 g of sodium hydroxide accurately 
weighed and 1.46 g of adipic acid in 10 mL distilled water were mixed to form sodium adipiate 
solution. Sodium adipiate thus formed was added drop wise to copper sulphate solution under 
stirring which was continued for 50 min and at end a dark green precipitate of copper(II) 
adipiate was obtained. These precipitates were washed followed by centrifugation and then 
dried. In the 2nd step, 1.3 g of NaBH4 dissolved in 10 mL distilled water and  introduced drop 
wise into copper(II) adipiate solution prepared by adding 2.07 g of this salt into distilled water 
of volume 10 mL and solution was kept in ultrasonic bath for 1 hour. When NaBH4 solution was 
added dark green colored solution instantly turned dark brown which indicated the formation of 
CuO-NPs. Nanoparticles thus formed, filtered and dried. 
 
Synthesis of CuO-NPs by using copper(II) malonate precursor 
 
Copper sulfate solution was prepared by taking 2.5 g of it in 20 mL distilled water in a beaker 
equipped with magnetic stirrer to form a homogeneous mixture. In order to prepare sodium 
malonate, 0.80 g of sodium hydroxide and 1.04 g malonic acid was dissolved in 10 mL distilled 
water in a beaker. Sodium malonate thus formed was added in copper sulfate solution under 
constant stirring. Magnetic stirring of solution continued for 40-50 min and a green precipitate 
of copper(II) malonate was collected, washed, centrifuged and dried. 
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NaBH4 solution and solution of copper(II) malonate were prepared separately by dissolving 
1.3 g and 1.65 g of both materials, respectively, in 10 mL distilled water. Then two solutions 
were mixed into each other drop wise and resulting solution was kept in ultrasonic bath for 60 
min. Upon addition of sodium borohydride, green colored solution turned black, which 
indicated the formation of CuO-NPs. Nanoparticles thus formed, filtered and dried. 
 
Experimental procedure of antimicrobial activity 
 
Antimicrobial study of synthesized NPs was based on following steps:   
 
Preparation of the test compound 
 
2 mg of NPs (each sample separately) were dissolved in 1 mL of ethanol which was further 
diluted of varying concentrations, i.e. (0.2 mg/0.1 mL, 0.02 mg/0.1 mL, and 0.002 mg/0.1 mL) 
for microbiological assays. 
 
LB broth preparation 
 
LB broth is prepared (without agar), shifted in five test tubes, each containing 5 mL broth and 
autoclaved. Inoculation of five bacterial strains were done in these test tubes and placed on 
shaker for 24 hours.  
 
Preparation of agar plates and microbiological assays 
 
Severe sterilized and aseptic conditions were maintained and procedure was done in laminar 
airflow. Applying the agar plate diffusion technique test organisms was grown in LB nutrient 
agar medium. The composition of the medium was (g/L) tryptone (1.0 g), yeast extract (0.5 g), 
sodium chloride (0.5 g); agar (1.5- 2 g) and water (100 mL). CuO-NPs synthesized by three 
different precursors were tested according to pre mentioned concentration by dissolving in 
ethanol, while ethanol itself was used as control for comparison. 
N-agar media was autoclaved and 25-30 mL of the media was added into the 9 cm diameter 
Petri-dish, allowed to solidify and then one ml bacterial suspension was transferred/plate 
incubated at 27 oC for 24 hours. The wells were made in the plates with the help of autoclaved 
pasture pipette and then it was filled with the synthesized CuO-NPs solution.  The 100 μg/mL 
concentration of NPs was used and activity was determined by measuring the inhibition zone. 
 
RESULTS AND DISCUSSION 
 
IR studies of CuO NPs 
 
IR spectrum of synthesized CuO NPs by using malonic acid, succinic acid and adipic acid 
precursor were recorded. Since water is adsorbed on metal surface in nanoparticles that is why 
two characteristic absorption peaks were expected, one of them above 3000 cm-1 which was not 
prominent in malonic acid precursor spectrum and second peak at 1119.00 cm-1. In this 
spectrum 1st peak was not prominent but 2nd peak was quit prominent. This 2nd prominent peak 
might be due to –OH twisting frequency. In succinic acid precursor spectrum two characteristic 
absorption peaks were recorded at 3261.20 and 1113.00 cm-1 which might be due to –OH 
stretching and twisting frequencies respectively due to adsorbed water molecules. Similarly 
adipic acid precursor spectrum also exhibited these two characteristic absorption peaks at 
3403.00 and 1120.40 cm-1. Literature proved that M–O stretching and twisting vibrations were 
seen beneath 1000 cm-1 so IR spectra bellows this range of our interest. Crest in malonic acid 
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precursor spectrum at 620.32 cm-1 is considered due to Cu–O str-frequency [27] which is a 
decent proof of development of Cu–O linkage in synthesized nanoparticles. Similarly in other 
two spectra, peaks recognized at 612.33 cm-1 and 598.16 cm-1, respectively, are associated with 
Cu–O stretching [28]. 
 
XRD studies of CuO NPs: 
 
Powder XRD analysis of sample 1 
 
XRD analysis of synthesized NPs was carried on X-ray powder diffractometer under 45 kV/40 
mA X-ray, 2θ/0 scanning mode, fixed monocharomator with a range from 2θ/0 = 10 to 90 with a 
step of 0.02 degree for a period of 30 min as shown in Figure 1. Eight peaks were selected and 




Figure 1. XRD spectra of NPs (Sample 1). 
 
Table 1. Calculation of miller indices through XRD diffraction pattern. 
 
Miller indices of synthesized nanoparticles were calculated for by using malonic acid 
precursor from selected peaks as shown in Table 1. Calculated and reported pattern of CuO 
nanoparticles was compared by peak search method and presented great resemblance. All major 
peaks at positions 2θ/o 7.5487, 9.9686, 29.5423, 36.9967, 49.5321, 55.3230, 64.0010, 69.6703 
have miller indices 111, 210, 542, 653,766,876, 987, 998, respectively, which are the 
characteristics of CuO scan pattern. 
Position [°2Theta] (Copper (Cu))






2θ/0 θ/0 Sin2θ 1x Sin2 θ        
Sin2θmin 
2x Sin2 θ     
Sin2θmin 





7.5487 3.7742 0.00433 1 2 3 3 111 
9.9686 4.9843 0.00758 1.7509 3.5013 5.1939 5 210 
29.5423 14.7711 0.06500 15.0115 30.0230 45.0345 45 542 
36.9967 18.4983 0.10066 23.2363 46.4456 69.7091 70 653 
49.5321 24.7660 0.17547 40.4893 80.9786 121.468 121 766 
55.3230 27.6615 0.21552 49.7736 99.5472 149.3208 149 876 
64.0010 32.0005 0.28082 64.8545 130.1477 194.5635 194 987 
69.6703 34.8351 0.32628 75.3533 150.7066 226.0599 226 998 
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Material parameters were calculated with the help of 2θ/0 values and grain size was found to 
be in range of 9.0561 nm to at 2θ/0 = 7.5487 to 33.9828 nm at 2θ/0 = 69.6703.  
 
Powder XRD analysis of sample 2 
 
X-ray powder diffraction analysis of sample 2 was carried out by following same conditions and 
parameters which were employed for sample 1. For this sample total seven peaks were targeted 
and calculated their miller indices as shown in Table 2. 
 
Table 2. Calculation of miller indices through XRD diffraction Pattern. 
 
2θ/0 θ/0 Sin2θ 1x Sin2 θ     
Sin2θmin 
2x Sin2 θ     
Sin2θmin 





6.5506 3.2753 0.00326 1 2 3 3 111 
10.8075 5.4037 0.00886 2.7177 5.4354 8.1531 8 220 
13.6687 6.8343 0.01416 4.3435 8.6870 13.0305 13 320 
24.4260 12.2130 0.04475 13.7269 27.4538 41.1809 41 540 
25.6642 12.7321 0.04857 14.8987 29.7974 44.6961 45 630 
33.0136 16.5068 0.08072 24.7607 49.5214 74.2821 74 750 
44.0968 22.0484 0.14091 43.2239 86.4478 129.6717 130 970 
 
The miller indices of synthesized nanoparticles by using succinic acid precursor have been 
calculated from selected peaks as shown in Table 2. The calculated pattern of CuO nanoparticles 
was compared with reported patterns (present in the library) by peak search method and showed 
great resemblance. All the major peaks at positions 2θ/o 6.5506, 10.8075, 13.6687, 24.4260, 
25.6642, 33.0136, 44.0968 have miller indices 111, 220, 320, 540, 630, 750, 970, respectively, 
which are the characteristics of CuO scan pattern. 
After performing calculations, grain size was found to be in the range of 9.0502 nm at 2θ/0 = 
6.5506 to 13.9067 nm at 2θ/0 = 25.6642.  
 
Powder XRD analysis of sample 3 
 
Sample 3 was also by following same conditions and parameters of X-ray diffractometer which 
were employed for sample 1. For this sample 8 prominent peaks were taken for calculating their 
miller indices, data presented in Table 3. 
 
Table 3. Calculation of miller indices through XRD diffraction pattern. 
 
2θ/0 θ/0 Sin2θ 1x Sin2 θ     
Sin2θmin 
2x Sin2 θ     
Sin2θmin 





7.6370 3.8185 0.00443 1 2 3 3 111 
12.8423 6.4211 0.01250 2.8216 5.6432 8.4648 8 220 
14.5882 7.2941 0.01611 3.6590 7.8181 10.9772 11 311 
19.0634 9.5317 0.02742 6.2272 12.4545 18.6818 19 331 
21.4065 10.7032 0.03449 7.8386 15.6772 23.5159 24 422 
31.6605 15.8302 0.07441 16.7968 33.5936 50.3904 50 543 
47.6014 23.8007 0.16285 36.7607 73.5214 110.2821 110 765 
62.1894 31.0947 0.26672 60.2076 120.4152 180.6228 181 986 
 
Miller indices of synthesized nanoparticles by using Adipic acid precursor have been 
calculated from selected peaks. Calculated pattern of CuO nanoparticles was matched with 
reported patterns (present in the library) by peak search method and showed great resemblance. 
All main peaks at positions 2θ/o 7.6370, 12.8423, 14.5882, 19.0634, 21.4065, 31.6605, 47.6014, 
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62.1894 have miller indices 111, 220, 311, 331, 422, 543, 765, 986, respectively, which are the 
characteristics of CuO scan pattern. 
In this sample grain size was found to be 11.2723 nm at 2θ/0 = 31.6605 to 13.7549 nm at 
2θ/0 = 19.0634. X- ray diffraction analysis showed that CuO NPs were synthesized with varying 
sizes by using three different precursors. The smallest particle sizes with highest surface area 





Sample 1. SEM image shown in Figure 2 was utilized in order to reveal surface morphology of 
CuO nanoparticles synthesized in this project recorded at 25 kx (Figure 2a) and 10 kx (Figure 





Figure 2. SEM image CuO NPs from malonic acid as precursor. 
 
It is obvious from above diagram that large number of CuO nanosphere agglomerates with a 
uniform size. Similarly non-agglomerated random shape particles aggregate to give a flower 
shape structure of synthesized NPs. 
 
Sample 2. Surface morphology of CuO nanoparticles recorded at various magnifications through 
SEM analysis are shown in Figure 3. 
It is obvious from above SEM images that particles are spherical and dispersed in a good 
manner having a properly and well defined homogeneous crystalline structure. SEM is also 
showing good tendency of these particles for agglomerations. A regular polyhedron shape for 
the CuO-NPs can be seen in above SEM images. Island growth of firmly packed spherical 
arrangement is also observed clearly. However there are some regions were big nanoparticles 
are surrounded by smaller nanoparticles. Similar CuO-NPs SEM images were taken into record 
and reported [29]. 
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Figure 3. SEM image CuO NPs from succinic acid as a precursor. 
 
Sample 3. Surface morphology of CuO nanopartices recorded at various magnifications through 




Figure 4. SEM image CuO NPs from adipic acid as precursor. 
 
It is clear from above diagram that particles are well defined, shows spherical and identical 
crystalline structure. It seems that synthesized particles are agglomerated and form a cluster. 
Particle size in SEM images of all three samples was found in the range of 1-2 µm. 
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The decomposition pattern was recorded from TGA/DSC analysis of synthesized materials. NPs 
synthesized from malonic acid precursor, succinic acid precursor and adipic acid precursor are 
labeled as a, b and c, respectively. 
TGA and DSC studies of CuO NPs were done in nitrogen atmosphere.  The synthesized NPs 
by using different precursors showed very similar decomposition pattern. For material labeled a, 
1st weight loss was recorded between 50 oC and 160 oC which may be due to removal of 
physically absorbed and chemically bonded water with synthesized NPs. The two endothermic 
DSC peaks around 75 oC and 170 oC confirmed the evaporation of water. This weight loss 
pattern showed good agreement with the TGA results [30, 31]. Materials labeled as b and c 
showed approximate same pattern in the above mentioned temperature range.  In material a, 
there is another weight loss around 280 oC which may be ascribed to the loss of the 
decomposition of few residual impurities along with DSC peak around 310 oC. Materials b and 
c also showed same response in this temperature range. After 300 oC to onward, there is no 
significant weight loss by increasing temperature in all three samples. This behavior indicated 
the thermal stabilization of the synthesized CuO NPs. 
 
Antimicrobial activity of CuO-NPs 
 
In latest study in nanotechnology, various metal and metal oxide nanoparticles have been 
reported as antimicrobial agent [32-40]. Metal nanoparticles containing magnesium oxide [34], 
copper [38, 40], silver [32-36], iron [41], zinc oxide [42-44], and nickel oxide [45, 46] are 
exhibit antimicrobial properties. Antimicrobial activity of CuO nanoparticles synthesized by 
using different precursors were tested against three gram positive bacterial strains, i.e. S. aureus, 
B. subtilis, MRSA and three gram-negative strains, i.e. E. coli, S. typhi, and K. pneumoniae by 
using the agar well diffusion assay method [47]. Results are presented in Table 4. 
 
Table 4. Zone of inhibition of CuO-NPs against pathogenic bacterial strains. 
 
Sample 
Diameter of inhibition zone (mm) 
Gram Positive Gram Negative 
S. aureus B. subtilis MRSA E. coli K. pneumoniae S. typhi 
Sample 1 12±0.11 25±2.50 5.0±0.51 20±0.1 8.0±0.13 10±0.55 
Sample 2 18±1.1 22±0.12 10±0.33 25±0.02 10±0.11 15±0.12 
Sample 3 15±.15 20±0.11 8.0±0.18 22±0.41 10±0.15 12±0.17 
Standarda 30±0.11 28±0.21 32±0.51 29±0.06 28±0.17 26±0.01 
aAmpicillin was used as positive control.  
 
CuO-NPs showed good antibacterial activity against selected bacterial strains. NPs found to 
be more effective against B. Subtilis and S. aureus and reluctant their growths to a greater extent 
but these particles were found to be less effective against MRSA. Similarly activity of CuO-NPs 
was found to be quite promising and encouraging against E. coli but less diameter of inhibition 
zone was noticed in case of K. pneumoniae and S. typhi. MIC values in μg/mL were calculated, 
comparing it with standard antibacterial (Ampicillin) in concentration 1.0 μg/mL in each plate 
as positive control. Results are summarized in Table 5. 
The MIC value of sample 1 is maximum, i.e. 35 µg for K. pneumoniae and minimum, i.e. 15 
µg for B. Subtilis and E. coli. Similarly, sample 2 surprisingly showed very small MIC value 
against E. coli which is an effectiveness indicator of this sample against this strain. Sample 3 
showed higher MIC value, i.e. 40 µg against K. pneumonia, which indicates the less activity of 
this sample against concerned bacterial strain. 
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Table 5. MIC of CuO-NPs against pathogenic bacterial strains. 
 
Sample 
MIC values against various bacterial strains (µg/mL) 
Gram Positive Gram Negative 
S. aureus B. Subtilis MRSA E. coli K. pneumoniae S. typhi 
Sample 1 25  15 30 15 35 25 
Sample 2 11  10 25 5  30 15 
Sample 3 30 35 25 10 40 10 
Standarda 7 5 8 9 6 8 
aAmpicillin was used as positive control.  
 
It can be concluded that CuO nanoparticles can inhibit bacterial cell growth and 
multiplication. This inhibition in growth may be due to the phenomenon in which NPs adhere to 
cell wall of bacteria and penetrated through cell membrane, which finally leads to cell lysis. 
This resulted into inhibition of bacterial cell growth and multiplication. As a result, it  is  highly  
recommended  that use of CuO-NPs as  an  economic  alternative  anti- bacterial agent  
especially  in  treating  ectopic  infections. 
CONCLUSION 
 
Using a simple and inexpensive wet chemical method, synthesis of copper oxide 
nanoparticals with size of 1-2 µm has been successfully carried out. FTIR, XRD and SEM 
results confirmed successful synthesis of CuO-NPs. Powder X-ray analysis showed that NPs 
synthesized from succinic acid salt precursor have smallest sizes and larger surface area. 
Remarkable activity against various bacterial strains were exhibited by sample 2 with MIC 10 
µg/mL  and zone of inhibition 22±0.12 against  B. Subtilis indicating that these synthesized NPs 
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